calculations. These investigations show that an apical boroh atom pses 2px, 2p atomic orbitals and a [2s, 2pZl hybrid orbital for bonding with rest of thy cluster. In cluster compounds containing Fe(C0) units, the iron atom uses predominantly [3dz. 4p I and [3d 4p I 3 combinations for bonding with the rest of the cluster and t h s e is no eevigce &r the involvement of a [4s, 4pZ, 3dZ21 hybrid orbital similar t o the [2s, 2pZl hybrid observed in the boron analogue. Analysis of the total overlap population associated with metallo.group and the rest of the cluster shows that the Fe(C0)3 group is weakly bonded ifito the cluster when compared with BH group of compounds in which Fe(C0) is replaced by BH. This analysis also indicates that Fe(C0) .group uses less than 2wo electrons for cluster bonding.
Introduction
. ' .
Understanding of the electronic structure and bonding of metal carbonyl clusters is of present interest. The number of orbitals invoIved in bonding [ > 100 atomic orbitals] makes it difficult to perform detailed molecular orbital calculations on metal carbonyl clusters. But it is believed that certain metallo groups such as Fe(C0)3 and CO(CO)~ are isolobal and isoelectronic h t h the BH and CH groups respectively. In terms of Wade's approacd9 a 3H or a Fe(C0) group formally supplies two electrons for cluster bonding whereas CH and Co(C0) groups supply three each. In addition, many boranes, carboranes, metadoboranes, rnetallocarboranes, and metal carbonyl clusters have similar geometries? 3919 Thus the study of the electronic structure and bgnding of boranes, carboranes, metallo-boranes and metallocarboranes cauld be used to compare the bonding capabilities of transition metal carbonyl fragments, M(C0)3 with those of the BH or CH Units in cluster compounds. In our study, self-consistent charge and configuration (SCCC) calculations were used to investigate the bonding in 1,6-dicarba-~a j e s w a s j Mageswaran and N. J. Fitzpatrick closo-hexaborane [6] 
where p is the summed orbital occupation of a given type, s,p^ar d, indexed by r on the kth cycle andxis a damping parameter.
The geometries of carboranes used were taken from reported,17f18 electron diffraction data. The same geometries were used for metallocarboranes. The geometry of the FelCO) unit was taken from that of .
R zjes wary Mageswaran and N. J. Fitzpatrick 
1,6-C2B,H6 [I] and 2,4-C2B, H, [111]
The gross atomic charges (Table 1) Table 11 the net negative charge on carbons by 0.041 and decreases the positive charge on boron by values in the range 0.020-0.037. Table 3 shows that the overlap population bonding the metallo-unit to the C2B H base is about 5 7% of that bonding the BH in 1,6-C B4H6. In other words t i e replacement of a BH unit by a Fe(CO)3 group maftes the resulting compound even more electron-deficient than the parent carborane. A similar result has been observed in borane c1uste1-s.~ Table [I] shows that the iron atom of ferracarborane [II] cairies a positive charge 10.7331 and this may be the reason for the reduction in overlap population betwen the metallounit and carborane base. The positive charge on iron atom may be due to the valence electrons in iron atom being largely delocalised over the carbonyl ligands. Replacement of a BH unit in 1,6-C2B4H6. by a Fe(C0)' unit did not change the energy of the cluster orbitals appreciably. The comparison of the cluster bonding molecular orbitals shows that the roles of the boron 2p and 2py. atomic orbitals in carboranes are taken up by the iron 3dxz an3 -3dyz mth some admixture of 4px and 4p . According to the isolobd principle the 3dz2, 4s and 4pz metal atomic orsitals should combine to form a hybrid orbital which takes on the role of the boron 2s and Zp, orbitals.
P
In Fe(CO),, the 3dZ2 atomic orbital is involved in bonding but plays no significant part in cluster bonding, whereas, the al cluster molecular orbital of BH unit (which is equivalent to 2s, 2pl hybnd of boron atom] plays a significant part in cluster bonding. A simllar result has been reported8 in metdoboranes. LCAO expansion of HOMO of [11] shows that it has a small contribution from the 3d 2 2 of Fe and carbonyl carbon and oxygen
x -Y atomic orbitals. 
[C2B4H, (F~(co)$] [IV]
The replacement of an apical BH unit in 2,4-C2B5H7 as in [IVa] Table 41 compared with those in 2,4 C2B5H7. The total overlap population associated with the metallo-group and the total energy of valence electrons [ Table 51 indicate that the l-isomer [IVa] is more stable than the 5-isomer [IVb] . As mentioned earlier, the 2,4-C B5H7 has three cluster bonding molecular orbitals. two of C2B5 cornginations and the third VOMO] of basal carbon and boron atoms combination. The replacement of either the apicaI BIH or basal B5H by a Fe(C0)3 unit did not change the energy of any of these orbitals appreciably. The comparison of the LCAO expansion of these orbitals shows that there is no significant contribution from the metal 3dZ2, 4s and 4pZ atomic orbitals t o these cluster bonding, molecular orbitals and the roles of 2px and 2py atomic orbitals of boron are taken up by iron 3dxz and 3dyz atomic orb~tals with small contributions from 4px and 4p . LCAO expansion of HOMOS of both the ferracarboranes PVa] and [~V b r skiow that they have a small contribution from the 3dx:-y~ atomic orbital of iron and carbonyl carbon and oxygen atomic orbitals.
. . Table 11 . Also, it should be noted in [Vb] , Fel atom has a negative net charge whereas I?e5 atom has a high positive net charge [Table 11 . The total overlap populations associated with the bonding of metallo-groups with the rest of the cluster units in [Vb] are markedly less than those.in [Val and
shows that the basal Fe5 (CO) unit is weakly bonded into the cluster unit when compared with t i e apical Fe(C0) unit. The total overlap population associated with the bonding of metallo-groups with the rest of the cluster unit and the total energy of valence electrons [ Table 51 suggest that the compound [Val is more stable than compound [Vb] .
SCHEME [ Z ]
It is interesting to note that the compound 1 , also show that the CH unit uses only one electron from carbon for the C-H bond. Hence the fourth electron froni carbon must have become delocalised into the cluster bonding. The total overlap populations associated with the bonding of Fe(C0)3 groups into the cluster in all ferracarboranes studied are mudh smaller than those of the BH replaced. Table 1 shows that in ferracarboranes [except the Fel of (Vb)] the iron atoms cany net gross positive atomic charges and these positive charges on iron atoms may be the reason for the reduction in total overlap population between the Fe(CO)3 unit and the rest of the cluster unit. The analysis of localised charges on the Fe(C0)3 units [ Table 21 and the gross atomic charges on the carbonyl carbon and the oxygen atoms [Table I ] suggest that the high positive charges on iron atoms may be due t o the valence electrons in iron atom being largely delocalised over the carbonyl ligands and this may be the reason for weak bonding between the Fe(C0)3 unit and the rest of the cluster unit.
As discussed earlier, the analysis of LCAO of the cluster bonding molecular orbitals shows that only 3dx,, 3dyZ, 4px and 4p atomic orbitals , [IVb] , [V] and [Vb] show that even though in terms of Wade's approach, the BH and the Fe(C0) units are considered to be isolobal and isoelectronic, the Fe(C0)3 unit is weakIy bonded into the cluster when compared with the BPI unit replaced and this may be due to the valence electrons in iron atom being largely delocalised over the carbonyl ligands in ferracarboranes. Our calculations also show that even though the CH unit appears to use only two electrons for cluster bonding the third electron may be delocalised into the cluster. The comparison of the LCAO of the cluster bonding molecular orbitals shows that even though the roles of 2px and 2p atomic orbitals of Y boron are taken up by the iron 3dxZ and 3dyZ orbitals w t h some admixture of 4px and 4p atomic orbitds there is no evidence for the involvement of [4s, 4pz, 3dz2f hybrid orbital which is analogous t o boron [2s, 2pz] hybrid.
